In this paper, the structural morphogenesis examples for free-surface grid shell with member of uniform length and joint angle are indicated. The building for a free-form surface grid shell structure of a magnificent and dynamic design became realizable from the confirmation of a structural rationality and the improvement of a construction technology. However, the constraint for a productivity and a workability of their structures produces in length of structural members and joint angle. In structural morphogenesis, it is important to use decent solutions that can be constructed with comparatively high evaluation including a global optimal solution (pareto optimal solutions), local optimal solutions (local pareto optimal solutions). The standard genetic algorithms (SGA) and strength pareto evolutionary algorithm 2 (SPEA2) are adopted with the structural timization problem in order to obtain a global optimal solution and pareto optimal solutions, respectively. Genetic algorithms with immune system (ISGA) for a structural optimization procedure that implemented a manipulation of the decent solutions search is already applied to the structural morphogenesis for the grid shell.
In the architecture field, the building for a free-form surface grid shell structure of a magnificent and dynamic design begins to increase in recent years. These structures are formed in many design conditions. However, the confirmation of these structural rationalities is difficult. Moreover, the uniformity of structural member length and the standardization of joints are essential for constructability.
Recently, the analysis procedure for the optimization technique is well-known as the determining method of such a structural form. In structural morphogenesis, it is important to use solution forms that can be constructed with comparatively high evaluation. Those solutions are called the decent solutions and are constituted with a global optimal solution (pareto optimal solutions), local optimal solutions (local pareto optimal solutions) and these neighborhood solutions. We use decent solutions for the structural morphogenesis of the free-form surface grid shell. The standard genetic algorithms (SGA) and strength pareto evolutionary algorithm 2 (SPEA2), and the genetic algorithm with immune system (ISGA) are adopted in order to obtain a global optimal solution and pareto optimal solutions, and the decent solutions, respectively. The decent solutions obtained by ISGA maintain diversity both in the design variable space and the objective function space. The decent solution forms with structural rationality will stimulate ideas of the designer and structural engineer at the initial design stage.
In this paper, examples of structural morphogenesis are shown for a free-form surface grid shell with a structural member having a uniform length and joint angle. The analysis model is the symmetric grid shell structure on an in-plane rectangular geometry. We applied the technique of setting the structural members to a uniform length and joint angle for the structural morphogenesis for a free-form surface grid shell with the single-and multi-objective optimization problem. The objective functions are the total and the bending strain energy, and the volume of interior space.
As the result of numerical computation by SGA and SPEA2, a global optimal solution and pareto optimal solutions satisfying the constraints are obtained. The structural form that minimizes the bending strain energy is different from that of the total strain energy. The forms that minimizes the bending strain energy are smooth curved surface as compared with the results of the total strain energy. As the result of numerical computation by ISGA, the decent solutions satisfying the constraints of uniform structural length and joint angle are obtained. The decent solutions computed by ISGA obtained different structural forms with structural members of a uniform length and joint angle. It is found that the member distribution is related to the shape of the structural form. The structural forms and mechanical properties for the grid shell obtained by the decent solutions containing a global optimal solution and pareto optimal solutions are indicated. In structural morphogenesis including the constraints of uniform structural length and joint angle, the effectiveness and validity of this analysis procedure are clarified from these numerical results. Therefore, we showed the possibility of structural design for a free-form surface grid shell with uniform structural member length and joint angle using decent solution forms. 
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